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IIpu pa3pad0oTKe NpoTHBOYyapHbIx Wpucmocob- 
NeHUH JIA PaOOTHUKOB, NOBepraroltuxca M0- 
BbILICHHOMY  PHCKY TpaBMaTH3Ma, BaKHO 
YMeHbIeHHe radapUTHbIX pa3MepOB YCTPOUCTB 
Ip COxpaHeHHH UX IHEPronorsoumsarollen cio- 
coOHoctTu. I[penmaraemoe aBropamu TexHu4e- 
CKOe pellleHHe JIA MpOTUBOYAapHON 3all[MTbI 
KPYNHBIX CYCTaBOB, B COCTaB KOTOPOTO BXOJIMT 
OaHlaK B Bue cnupaliei u3  yipyro- 
TIacTHYecKOrO MaTepHasia Cc 9/deKTOM NWaMsATU 
(DOpMBI, IO3BOJIAeCT WOCTAaTOUHO 93deKTHBHO 
IIpeOTBpallaTb TpaBMBI WOe*Kallux TKaHen U 
MOXKeT ObITb TIpeJIO%#KeCHO K TMPHMeCHeHHIO B 
ccbepe OxpaHbI Tpya Id CHWKeHUMA TIpeOT- 
BPaTUMBIX TOTepb MW TpaBMaTH3Ma TIpH TOW4Kax 
M yapax. B mpeqI0ox*KeHHOM HHHOBaILMOHHOM 
IIPOTHBOYapHOM TIpHciocoOseHHu MpuMeHsAeT- 
CA IKBHATOMHbIM THTAHO-HUKeJICBbIN CIIaB, 00- 
Walarolulu OMNTHMasIbHOU TeMiepaTypon a3o0- 
BbIX [epeXOJOB, KOTOpblIe HeOOXOMMbI WIA 
BOCCTaHOBJICHHA (OpMbI. OMbITHOM MOJICJIbIO 
ABUJIOCh TEXHHMYeECKOE pellleHve MpOTHBOYap- 
HOrO MpuciocoOsIeHuA, B COCTaBe KOTOPOrO I10- 
MUMO OaHaxkKa pe OKeHbI BJIeKTPUYeCKHe 
KOHTAKTHI Ha KOHIax ciupasen. /lanHad TexHo- 
NOrMA MO3BOAeT TpH BHeEIMHeEM BO3eMCTBUH 
(TOTUKaX, yapax) WiacTuyecku yedopmMupo- 
BaTbCA C MOPIOWeHHeM 9HEPruu yapa, a 3aTeM 
BOCCTaHaBJIMBaTbh HCXOJIHY!IO (OpMy, B TOM 4HC- 
mle 3a C4eT HarpeBa 9JIEKTPH4YECKHM TOKOM. 


Ku104eBbIe CIOBa: TPaBMaTH3M, IIpOTHBOYap- 
Had 3all[MTa, 3all[uTa CyCTaBOB, NpOTHBOyAapHoe 
ycTpouicTBo, 9PdekT MaMATH (OPMbI, THTAaHO- 
HUKeJICBbIM CHA. 
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An important direction in the development of 
the shockproof devices for occupations con- 
nected with an increased risk of injury is the 
reduction of their overall size with maintain- 
ing their energy absorption ability. The au- 
thors offer a technical solution to shockproof 
protection of large joints, which consists of a 
band made of coils of an elastic-plastic mate- 
rial with shape memory effect that can effec- 
tively protect people from injury and can be 
used in the field of occupational safety to 
reduce injuries from shocks or jolts. In the 
proposed shockproof device the authors used 
equiatomic Nickel-Titanium alloy which has 
acceptable temperature phase transitions 
which are necessary to restore shape. As an 
experimental model the authors adopted the 
technical solution of the shockproof device, 
in which in addition to the band the authors 
used electric contacts at the spiral ends. This 
solution allows the punches to plastically 
deform with the absorption of the impact en- 
ergy, and then recover the original shape, 


also due to the electric heating. 


Keywords: injury, shockproof protection, 
joint protection, shockproof device, shape 
memory effect, Nickel-Titanium alloy.. 
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AKTYaJIbHOCTh WH NOCTaHOBKa TpodJIeMBl. 
B OKyMeHTax, periaMeHTMpyrollux mepcnek- 
THBbI pa3sBuTHA PO, yKa3bIBaeTCA, YTO OHOU U3 
OCHOBHBIX IpoOsIeM rocyapcTBeHHOHM Oe30rac- 
HOCTH Halliew CTpaHbl ABIIAeTCA Mporpeccupy- 
rollad TPYNOHEAOCTATOYHOCTh WM O*KNTAaeMoe 
YMeHbIUeHHe B OYYIIeEM JOIN TpyOCHOCcOOHO- 
TO HaceJIeHHA B ero OOMIeH UMcHeHHOCcTH [1]. B 
HaCTOAIIMH MOMeHT B POCCHM OCYIIeCTBIIAeTCA 
peasm3alMa HalMOHasIbHoro cTaHyapta TOCT P 
54934-2012 
OMaCHOCTH Tpya HU OxpaHbl 30POBbA»>, OHAKO, 


«CHCTEMBI MeHeJ2KMeHTa 06€3- 
CYA 10 OMMMMAIbHbIM JJaHHbIM, MOKa HeJIb3A 
TOBOPHTb O CHHKEHHU TWpod3adoueBaemocTu. B 
YaCTHOCTH, YKa3bIBaeTCA, 4YTO OJHOM U3 OC- 
HOBHBIX IIPH4YMH pocta MpoduaToNOrMu ABIA- 
FOTCA HCONTHMAJIbHbIe YCIIOBUA Tpya WepcoHa- 
la, OTCYTCTBHe Ha IIpOW3BOJCTBeCHHBIX OOBeK- 
Tax COOTBETCTBYFOMIMX yCIOBMM Tpyfa [2, 3]. 
3Ha4UMTeIbHOe MeCTO B IIpodeccHOHaJIbHON 3a- 
OomeBaeMOCTH 3aHWMaeT WpodmaTouorma u 
TPpaBMaTH3M KDPYMHbIX CYyCTaBOB IepcoHara. 
Tak, okom0 15 % cTaljwoHapHbIx Wal[MeHTOB Op- 
TOMeJO-TpaBMAaTOJIOFM4eCKHX OTIeJICHHH co- 
CTaBIIAIOT OObHBIe C HaTONOrMew KOJeHHOrO 
cyCTaBa, MpW4eM 9JTO, Kak paBwio, Mia Tpy- 
ocnocooxoro Bo3pacta [4]. B mpodeccuax, xa- 
PakTepH3YFOMIMXCA HaIM4HeM BbICOKOM BepOsAT- 
HOCTH TpaBMaTH3Ma, CYIIeCTBYeT PUCK Mosy4e- 
HUA Ha padouem MecTe NOBpexKJeCHHA OMOpHO- 
JBUraTeIbHOrO alimapata. B Hay4HOou sIMTepa- 
Type CIOPTHBHOrO HU MeJMMMHCKOrTO HalipaBire- 
HHA OTMeYaeTCA, 4TO pH WWMHaMM4eCKHX 
Harpy3Kax B MOMECHT IMPbDKKOB, WayeHun, Wpu- 
3EMJICHHH Ha OpraHv3M BO3JIeEHCTBYIOT TATH- 
KpaTHble lWeperpy3kKv. HenpaBnibHoe pu3em- 
eHuve, OCOOCHHO B COBOKYIHOCTH CO CKpy4H- 
BaHHeM B KOJICHHOM cycTaBe, Kak IIpaBMo, 
IIPHBOJMT K TpaBMaM Ba?KHBIX CYCTaBOB, 4TO 
oOycuaBJIMBaeT B OyyIIeM yxyWeHue Tpy0- 
CHOCOOHOCTH HU KayecTBa 2%KU3HH [5]. 

J|1a IpodustakTHKN TpaBMaTH3Ma CYIIeCTBy- 
€T JOCTATOUHOe KOJIMYCCTBO Pa3JIMYHbIX 3alllHT- 
HbIX CpeJICTB, H3 KOTOPbIX HavOosIee yOOHBIMU 
ABJIAFOTCA HAKOJICHHHKH [6]. B HacTosuHv Mo- 





Problem statement and relevance. The 
documents regulating the development pro- 
spects of the Russian Federation state that 
one of the main problems of national security 
of our country is a progressive lack of labor 
and the expected reduction in the future 
share of working-age population to its total 
population [1]. Nowadays Russia sees the 
implementation of the national standard 
GOST R 54934-2012 "Occupational safety 
and health management systems". However, 
judging by the official data, it is impossible 
to talk about the reduction of occupational 
morbidity. In particular, it is stated that one 
of the main reasons for the growth of occu- 
pational diseases is non-optimal working 
conditions of staff and the lack of relevant 
conditions on the production facilities [2, 3]. 
A significant place in the occupational ill- 
nesses 1S occupational pathology and staff 
large joints injuries. So, about 15% of in- 
patients of orthopedic and trauma depart- 
ments are patients with knee joint pathology, 
and they are usually of working age [4]. In 
occupations characterized by the presence of 
the high injury probability, there is the risk 
of getting on-the-job musculoskeletal system 
injuries. Scientific sports and medicine lit- 
erature notes, that the body is exposed to 
five-fold overload by dynamic loads at the 
moment of jumping, falling and landing. The 
wrong landing, especially in combination 
with twisting of the knee joint, as a rule, 
leads to important joints injuries, which lead 
to the future deterioration of work capacity 
and quality of life [5]. 

To prevent injuries there is a number of 
different protective devices, of which the 
most convenient are knee protectors [6]. Cur- 


rently the application of such protective de- 
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MeHT IIPHMeHeHHe TaKHX 3allMTHBIX YCTPOHMCTB 
OTMeyaeTCA JOCTATOUHO peAKO (3a HCKJIKOUCHH- 
€M CIIOPTCMeHOB). Kpome Toro, BbIWeIAeTCA He- 
WOCTaTOYHO CpesCTB JJId OOecneyeHHA 6e3- 
ONaCHOCTH OCHOBHBIX CYCTABOB B lIpodeccusx, 
KOTOpbIe XapaKTepH3YIOTCA MOBbIMICHHOM Bepo- 
ATHOCTbIO TpaBMaTH3Ma, a TakK2Ke peJKO IIpuMe- 
HAFOTCA IIepCMeKTHBHbIe TEXHWYeCKHE YCTpOH- 
CTBa Ha OCHOBe MaTepHasIOB TOBBbIMIeCHHOM 
nemudupyromen cuocobHocty [7]. 

IIpu anasm3e COBpeMeHHbIX TeXHH4eCKHX 
pelleHui, JIexKallu4x B OCHOBe OTC4YCCTBCHHBIX 
BbICOKOJIEMIUpYyrOWx IIPOTHBOYapHBbIx 
ycTpoucts [8, 9], ObIIO yCTaHOBJIeCHO, YTO B OC- 
HOBHOM 3TO pe3HHOMOJOOHBbIe IICMCHTHI, B Ka- 
yeCTBe KOTOpBIX B Poccun IIpHMeHAIOTCA yupy- 
True MOBA3KH, WIaCTH4HbIe MaTepHasibl, BA3KO- 
yllpyrve 3SJIEMeHTBI WM eTamm. Bce OHM, Kak 
IIpaBMl0O, BbINOJIHeHbI B BUC BOCCTaHaBJIMBa- 
rolleroca JePOpMUpyeMOro BICMeCHTAa Ha OCHO- 
Be OObBIMHOrO ToOuMypetTaHa H/MIM resa. Bce cy- 
IeCTBYFOMIMe OOpPa3iibl JIA OOee ONTHMAJIbHO- 
TO UX MpHMeHeHHA MOTYT OBIT WOpaooTaHBl C 
TOUKH 3peHHA TOBbIMNeCHHA 93(deKTHBHOCTU 
AMOPTH3al[HU OT yapHbIxX BO3STeCHCTBHH, yBesIH- 
YeHHA SHEPrOEMKOCTH, HallpuMep, 3a CYUET pa- 
OOTHI FeEMU@Upyrollero WIeMeHTa TPUMeHAeMO- 
rO MaTepHasla He TOJIBKO B yupyron, HO UH B W1a- 
CTHYecKOH OOacTax edopMalMu, BKIIOUCHHA 
B COCTAB 3alI[MTHbIX YCTPOHMCTB pallMOHasIbHbIXx 
SHEpronorsomlarolulux IIEMeCHTOB, YMCHbINIeCHHA 
ra0apuTHBIX pa3sMepoB MOJeJel. 

OOcyxKeHHe HH pesyJbTaTbI. BaxkKHbIM 
HalipaBJIGeHHeM UCCIeqOBaHHH B pa3padoTKe 
IIPOTHBOYapHbIX YCTPOMCTB IA Wpodeccuii, 
XapaKTepH3yYFOMIMXCA TOBbIMICHHOM BepOATHO- 
CTbIO TPpaBMaTH3Ma, ABJLACTCA CHWKeHHe rada- 
PHTHBIX pa3sMepoOB 3THX TpHcnocoOmeHuH pu 
COXpaHeHHM UX XapaKTepHCcTHK HU 9HeEpro;io- 
TruIOWarolux BO3MOxXHOCTeH. IlpoekTupyemMEIK 
pe3yJIbTaT BO3MO%KeH TIpw WpuMeHeHuU Tep- 
CIICKTHBHBIX TEXHHYeCKUX pellieHui. PasBuTue 
TEXHOJIOTHH OllpeyesaxeT BaXKHOCTb W3y4eHHuA 
HCIOJIb30BaHHA B OOUACTH OxpaHbl Tpyja MaTe- 
pHasIOB, KOTOpble CMOCOOHBI K ePOpMupoBa- 


HMO B YIUPYPrOmWlacTHUYeCCKHX 30HAaX C TOCIICTYy- 


vices 1s relatively rare (with the exception of 
athletes). In addition, insufficient resources 
are allocated to ensure the main joints safety 
in occupations that are characterized by high 
injury probability, and also advanced tech- 
nical devices based on materials with high 
damping capacity are rarely applied [7]. 

In the analysis of modern technical solu- 
tions on which the domestic high-damping 
anti-shock devices are based [8, 9], it was 
found that basically they are rubber-like el- 
ements like elastic bandages, plastic materi- 
als, viscoelastic elements and details used in 
Russia. They are all usually made in the form 
of recovering deformable objects on the ba- 
sis of conventional polyurethane and/or gel. 
For a more optimal use all existing samples 
may be modified from the point of view of 
efficiency increase of impact force deprecia- 
tion, increasing the power capacity, for ex- 
ample, by the operation of the damping ele- 
ment of the applied material not only in the 
elastic, but also in the plastic deforming re- 
gions, the inclusion in the protective devices 
rational energy absorbing elements and by 
the reduction of the overall size of the mod- 
els. 

Discussion and results. An important area 
of research in the development of the shock- 
proof devices for professions with high inju- 
ry probability is the reduction of the overall 
size of these devices with maintaining their 
performance and energy absorption capabili- 
ties. The projected result is possible with the 
use of advanced technical solutions. The de- 
velopment of technologies determines the 
importance of studying the materials used in 
the field of labor protection, which can be 


deformed in elastic-plastic areas and after 
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FOIIMM BOCCTaHOBJICHHeM HadasIbHbIX Pa3MepoB 
u dopMpI. TakOBbIMH MO2%KHO C4UMTATh CIJAaBBI C 
3acddekToM HamatTu Popmpl (QIID). Cuenyer ort- 
MeTHTb, 4YTO Cpe TaKHxX MaTepHasloB O6e3- 
YCJIOBHbIM JIMJJCPpOM TIpW3HaHbI CaBbl Ha OC- 
HoBe HUKerMya THTaHa (TINi). Ux npwanunn- 
allbHoe OTIMYMe OT, HalIpHMep, CIJIaBOB C Me- 
Jib1O, 3aKIEOUaeTCA B TOM, 4TO TiINi — 9dTO cTa- 
OusbHOe coeyMHeHue. Jit TakHX CIIaBOB C 
TeEPMOYHPYIHM MapTeHCHTHbIM IIpeBpallleHveM 
XapaKTepHOH OCOOeCHHOCTHIO ABIIAeCTCA pey- 
MapTeHCHTHad HEYCTOMYMBOCTb UX CTPYKTYpbI K 
CIBUryY. 3aKOHOMepHoe CiIeqCTBHe pa3BUTUA 
HeycrowunBocTu ywia crusaBa TiNi (50:50) — 
9TO peasIM3allua MAPTeCHCHTHOLO Tepexojia HYKe 
60°C. YctraHoBieHo, 4TO TeMMepaTypa MapTeH- 
CUTHOrO Tepexoyja CHWKaeTCA IPH yBesIM4eHHU 
KOHICHTpallwu HUKeIA. CyleqOBaTeJIbHO, C TO0- 
MOIIbIO H3MCHCHHA MpOMeHTHOTO COcCTaBa CO- 
CMHEHUA BO3MO2%KHO H3MeCHATb TeMIIepaTypy 
Tepexoyla, a TakKoKe MHTepBasl NposBeHuA DITO 
B JOCTaTOUHO WIMpOKHX Tpeyesax. OuveBn Ho, 
4TO IIPH 9TOM H3MeHAeCTCA UM XapaKTep MapTeH- 
CHUTHOrO IIpeBpallieHHa, WU CBOMCTBa TMaMATH. 
IIpu mpopeyzenun aHalu3a UW UccIeqOBaHuA 
cilaBoB Ha ocHoBe TiNi HeoOxoqHMO TOHH- 
MaTb, 4TO JAHHBIM KIAaCc MaTepHasIOB XapakTe- 
pu3yeTCcA He TOJIbKO HM He CTOJbKO OOMIMMH 3a- 
KOHOMEPHOCTAMH CTPYKTYPHBIX CBOMCTB H lpe- 
BpallleHH, CKOJIbKO BO3MO%KHOCTbIO yiIpaBie- 
HHA WX W3MeCHCHHAMU B UWIMpOKOM J{Malla30He. 
ITO oOycraBIMBaeT TpWMeHeHve CIWIaBOB Ha 
ocHoBe TiNi Jia pellieHua CaMbIxX pa3HooOpa3- 
HbIX TCXHHYCCKHX 3alad, a TaK2Ke UCIIOJIb30Ba- 
HHe UX JIA pa3spaOOTKH HOBbIX KOMIO3HIIMH C 
IPyYruMuH CBOMCTBaMH. IlosTOMy BecbMa IMep- 
CHe€KTHBHbIM IIpeyCTaBaeTCA TpWMeHeHHe B 
pa3pa0oTaHHOM MHHOBAaIIMOHHOM  IIPpOTHBO- 
yHapHoM IpucnocoOseHuu B KayecTBe yupyro- 
acTHyueckonw cyOcTaHiuu IKBUATOMHOTO TiNi 
cliaBa, OOasarollero JOMYCTHUMONM TeMIepaty- 
po tepexoyos (a3 JWId BOCCTaHOBJICHHA HUC- 
XOHOM POpMBI. 

IIpu uccieqOBaHun B KauecTBe 9KCIIepHMeH- 
TaJIbHOrO OOpa3ila ObLWIO paccMOTpeHO Mpeyia- 


TraeMoe TpucnocoOsIeHve MpOTHBOyAapHOH 3a- 


that recover their initial size and shape. Al- 
loys with shape memory effect (SME) can be 
considered as these materials. It should be 
noted that titanium nickelide (TiNi) alloys 
are recognized as the undisputed leaders 
among these materials. Their fundamental 
difference from, for example, alloys with 
copper, 1s that TiNi is a stable connection. 
For such alloys with a thermoelastic marten- 
sitic transformation the characteristic feature 
is premartensitic instability of their structure 
to shift. A natural consequence of the devel- 
opment of the instability for TiNi alloy 
(50:50) is an implementation of the marten- 
sitic transition below 60'C. It is established 
that the martensitic transition temperature 
decreases with increasing Nickel concentra- 
tion. Therefore, by changing the percentage 
composition of the compound we may 
change the transition temperature and the 
interval of SME development within a wide 
range. Obviously, this changes the nature of 
the martensitic transformation and memory 
properties. 
study of TiNi based alloys it should be un- 


Conducting the analysis and 


derstood that this class of materials is charac- 
terized not only by common laws of structur- 
al properties and transformations, but by the 
possibility to control their changes in a wide 
range. This leads to the use of TiNi based 
alloys for a wide variety of technical tasks, 
as well as their use for the development of 
new composites with other properties. There- 
fore, it seems promising to use as elastic- 
plastic substance in the developed innovative 
shockproof device equiatomic TiNi alloy 
with the permissible temperature of the tran- 
sition phase to restore the original shape. 

In the study as an experimental model the 


authors used the proposed shockproof pro- 
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IMT, COCTOAIee W3 TKAHeBOM OCHOBBI C 
BKJIFOUCHHbIMU CIMpasieBHHbIMM 3JIEMeCHTaMH, 
BbIIOJIHCHHBIMU M3 YIIpyro-lIacTH4ecKOrO Ma- 
Tepuana c DIIM. DaemenTsI UMerOT 3eKTpu4e- 
ckwe BbIxOJbI. IIpeniaraemoe TexHuyeckoe 
YCTPOHCTBO T1O3BOJIAeT IpU yapHbIx Harpy3Kax 
yupyro uM WiacTuyecku ZedopMupoBaTKcs, M0- 
THOWad SHEPrut1O BO3ACHCTBHA, MOCIe Yero BO3- 
BpallaeTca K CBOeM HCXOJHONM opme, c Hasin- 
4HeCM BO3MO%KHOCTH BOCCTaHOBJICHHA, B TOM 
qucuIe WM 3a CYeT B9JIEKTPOKOHTAaKTHOIO Harpesa. 
Crupalib ObITHOrO oOOpa3la  3allMTHOTO 
yYCTpoMcTBa TorpyxKeHa B 3IaCTHYHbIM TWOJM- 
ypeTaH, CHOocoOHbIM kK ZedopMamuu. ITO obec- 
IIC4UHBaeT BO3MOXKHOCTH HE TOJIbKO 3aKpenmJieHuA 
cupaiu U COxpaHeHua TpeOyeMoro paccTOAHHA 
M@xKJIY €€ BATKAMH, HO U paciipeyesIeHuaA 9Hep- 
ruu yyapa [10]. 

Jd BOCCTAHOBJICHHA HadaJIbHbIX Pa3MepoB U 
(DOPpMBI TIpOTHBOYAapHOrO yCTpOCcTBa MpuMe- 
HACTCA TEMMepaTypHoOe BO3JeEMCTBHe Ha MpOBO- 
NOKW OaHaxKa JIA BOCCTAHOBJICHHA PasMepoB U 
(DOp-MBbI CMATHIX BUTKOB. HarpeBaHue MpOBOJIOK 
yCTponvicTBa 


OCYINCCTBIIACTCA IOpTaTHBHbIM 


9JIEKTPOKOH-TaKTHbIM HarpeBaTesieM, coeUu- 
HCHHbIM C HCTOUHHKOM THTaHua. BaxkHo, 4TO 
IipH padote pelaraemMoro mpucnocoOmeHua 
BOCCTAHOBJICHHe (OPMBI 3JIEMCHTAa MOKET IIpo- 
UCXOJMTb TakoKe 3a CUCT HCHOJIb3OBaHUA Jpyrux 
TeMJIOBbICIAIOMIMX YCTPOMCTB, B TOM 4HCcJe 
OBITOBBIX. 

Jina BbicokoyemMudupyromrero TiNi crsiaBa 
yuana30H TeMiepaTyp JIA BOCCTaHOBJICHHA 
(DOp-MbI MaTepHasla 9KCHeCPHMeHTAaJIbHO oOLpe- 
yeméH — 9TO uHTepBal OT 320 yo 340 K [11]. 
VicitbiraHve ONbITHOU MOJeJIM YCTPONCTBa IIpo- 
THBOYAapHOH 3all[MTbl OCYIIeCCTBIAIOCh Ha 
yuapHom kKonpe ((TOCT 10708—82), cretmmasbHo 
OpaOoTaHHOM JIA HaCTOAMIMX UCCiIeqOBaHui 
IIPH pa3JIM4HbIX TeEMMepaTypHbIX PexKUMaX, CO- 
IIPOBOKTAalOwMx WpoBeweHve paooT B pa3sIH4- 
HbIX KaK KJIMMaTW4eCKHX, Tak HU  Ipo- 
W3BOJICTBCHHBIX YCJIOBHAX. B xoje 9kKcHepH- 
MeHTAa IIPH 3aaHHOM TeMMepaType H3MepsJIMCb 


KpyTAMMM MOMeHT MU BemM4nHa edopmMalnu 


cuBpura. Temiepatypa climpasiM Mose NoOBep- 


tection device which consists of a fabric base 
with the included spiral elements made of 
elastic-plastic material with SME. Elements 
have electric outlets. The proposed technical 
device deforms elastically and plastically 
under impact conditions, absorbing energy of 
the impact, and then returns to its original 
form, with the possibility of recovery which 
exists also due to the electric heating. Proto- 
type protective device spiral is immersed in 
elastic polyurethane, capable of deformation. 
This provides the opportunity to not only se- 
cure the spiral and preserve the required dis- 
tance between its coils, but also to distribute 
the impact energy [10]. 

To restore the initial size and shape of the 
shockproof device the authors applied the 
thermal effect on tire wires to restore the size 
and shape of crumpled coils. The heating of 
the wires is performed by a portable electric 
heater connected to the power source. It is 
important that in the work of the proposed 
device, restoration of the shape of the ele- 
ment can also occur due to the use of other 
heat-producing devices, including applianc- 
es. 

For high-damping TiNi alloy the tempera- 
ture range to restore the shape of the material 
is experimentally determined as the interval 
from 320 to 340 K [l1]. Testing of the 
shockproof protection device experimental 
model was carried out on the impact machine 
(GOST 10708-82), which was specially 
modified for this study in different tempera- 
ture conditions which can occur in the pro- 
cess of work in different climatic and pro- 
duction conditions. In the course of the ex- 
periment at a given temperature the authors 
measured the rotation moment and shear de- 


formation value. The temperature of the spi- 








Taslacb KOHTPOJIMPyeMbIM H3MCHCHHAM C TIOMO- 
IbIO DICKTPOKOHTAaKTHOrO HarpeBatTesa U U3- 
Mepslach Ip MOMOIIM WHdpoBoro TepMoMeTpa 
(OCT P 8.625—2006). Hepenaua curnasa ocy- 
IeCTBIAIACh C TepMOTIapbl, Wpu4eM cna 0 
OOMeCMpHHATOH MeTOMKe HakJIeMBaJICA KJICeM 
B®-2 (TOCT 12172-74) k wexTpy cimupamm 
[12]. OcoOeHHocTbIO UCCIeOBaHHA ABJIAIIOCh 
TO, 4TO MOJIeIb IPpOTUBOYAapHOrO Wpuciocob- 
NeHHA, MOMOOpaHHOro MO pa3Mepy, HaeBaslach 
Ha UMJIMHIPOMAHbIM 3IIEMeCHT, MMUTUHPYIOIMu 
MOJI€JIb KOJICHHOrO CycTaBa. 

B kayecTBe MOJIeIM UCIIbITaHuA ObWIO NpH- 
HATO TIpHcHocooOseHue CO CIIeXYIOWMMU pa3Me- 
pamu reoMeTpHu MojlIemM: uamMetp Duo — 
120.10-3m (120 mM), qumHa L — 210.10-3m 
(210 mM), TommuHa 5.10-3mM (5 Mm). PacuéTHsIi 
ymMamMetp Dc cimpamm u3 TiNi cnaapa c DITO 
COCTaBJIAI WpuMepHo 4.10-3m (4 MM), a yMa- 
MeTDP IIPOBOJIOKH Kpyrsioro ceyeHua Dn — 1.10- 
3M (1 MM). 

Meroauka 3KCHepuMeHta Oba pa3spadoTaHa 
Ha OCHOBe CTaHapTHOM CXeMBbI pacuétTa IHepro- 
MOFIOMeHUA JIA YUpPyrolswacTH4ecKHx 3JIEMeH- 
ToB [13, 14]. 

YcTaHOBJIeHO, 4YTO IPH JWHAaMHYeCKOM BO3- 
JIe@MCTBUM CTaHapTHorO KOlIpa padoyel J0- 
magbro Sy=1.10-3m2 (1000 mm2) oKxono 200 
BUTKOB JedOpMUpOBaINCh UW MOrNowain Wpu- 
MepHo 0,15 kJb>xK, a c yueTom Jedopmalnu 0- 
mMypetana — 710 0,2 KJ DK. 

OcHOBHBbIe pe3yJIbTAaTbI 3aKJIIOUaFOTCA B CJIe- 
TLYFOILeM: 

1. Quepronorsomaromad CMOCOOHOCTh TWia- 
CTH4eCKHX 3JIEMeHTOB Cc JIIM B OONbIMION cTe- 
IleHH KOppesMpyeT c TeMiepatypou; 

2. OQKCIePUMeHTAaIbHO OlIpeyeueéHHOe I0- 
romeHve IHEprun (9HEpronorsomenuve) mWpe- 
Bbuaert 0,1 KK. 

Ilo HopmatuBam [15], sHeprua yazapHoro 
BO3QeMcTBHA Ooee 0,1 KK MOKeT ABIIATBCA 
ONWaCHOHW, CJICOBATeIbHO, JIA 3allMTHOrO Tex- 
HHYeCKOIO MpHCHOcoOseHHA JOCTaTOUHbIM AB- 
NAeCTCA MOMMIOWeHve IHEPruu B Upeesax 0Y,15— 
0,2 KJ bx. 

Ilo pe3yibTaTamM WpoBeyéHHorO 9KcCIIepu- 





ral model was changed under control using 


electric heater and was measured with a digi- 
tal thermometer (GOST R 8.625—2006). The 
signal transmission was carried out with the 
thermocouple, with the junction pasted to the 
center of the spiral [12] with glue BF—2 ac- 
cording to the standard technique (GOST 
12172-74). A special feature of the study 
was the fact that the shockproof device mod- 
el, matched by size, was used on cylindroid 
element simulating model of the knee joint. 

As a model test device the authors took a 
device with the following dimensions of the 
model geometry: the diameter Dh — 120.10- 
3 m (120 mm), length L — 210.10-3M (210 
mm), the thickness of 5.10-3M (5 mm). The 
estimated diameter Dc of the TiNi alloy spi- 
ral with SME was approximately 4.10-3m (4 
mm) and a diameter of circular cross-section 
wire Dn — 1.10-3m (1 mm). 

The experimental procedure was designed 
according to the standard scheme of energy 
absorption calculation for elastic-plastic el- 
ements [13, 14]. 

It was established that during the dynamic 
impact of the standard impact machine with 
the working area Sy=1.10-3 m2 (1000 mm2) 
about 200 spires were deformed and about 
0.15 kJ was consumed, and taken into ac- 
count the deformation of the polyurethane it 
was up to 0.2 kJ. 

The main results are as follows: 

1. Energy absorption capacity of plastic 
elements with SME correlates with the tem- 
perature to a large extent; 

2. Experimentally determined energy ab- 
sorption (energy consumption) exceeds 0.1 
kJ. 

According to the standards [15], the im- 
pact energy of more than 0.1 kJ can be dan- 
gerous; therefore, for the protective technical 
devices energy absorption is sufficient in the 
range of 0.15—0.2 kJ. 


As a result of the carried out experiment 
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MeHTAa OIIpeeIeCHbI TOUKH OKUTAeMON OOAacTU 
paOoTbH peasIbHOrO ycTpolicTBa. YcTaHoBsJeHo, 
4TO WeopMalluu CUMpasbHOW MpOBOJIOKH CO- 
BepllaroTcaA 3a CUYET WAaCTH4YeCKOrO KpyyeHHA U 
w3rM0a 9eMeHTOB. IInacTu4eckoe Kpy4yeHHe 
WET C HavOOJbIIMM TOrIOWleHHeM 3Hepruu 
[16, 17]. 

IIpu mpopeyeHuu 9KCHepHMeHTOB BOCCTA- 
HOBJIeHHe WJiacTH4ecKH e@OpMupOBaHHbIx 
9JIEMCHTOB 3aBHCHT OT cTelleHH edopmMaunit 
cupura. Tak, ipu yedopmMamuu cyBura no 10,3 
%  HaOlHOTaeMad CTeIeCHb BOCCTaHOBJICHHA 
(DOpMBI Tp MepBbIxX yapax WocTurana 98—99 
%, B TO BPCMA Kak TIpH WeMoOpMallMAx, PaBHbIx 
50 % (mouHOe CMATHe), BOCCTaHOBJIeHHe CO- 
CTaBJIAIO JIMMb oKoNO 80 %. Jedopmannua 
CUBUra B KaKJIOM IMKIe UCMbITaHHH WpoOnu3Bo- 
qusiach C 3apaHee yCTaHOBJICHHbIMH TMapaMerT- 
pamu. 

Tab WAKA: 

* HarpykKeHve DICMeHTa Ip KOMHaTHOM TeM- 
llepatype; 

¢ pa3rpyxKeHve oclie JOCTHxKeHHA MaKCcH- 
Ma@JIbHOMW JedopMallun; 

* TOCI€XYIOulMH HarpeB JO TeMIepaTypbI BOC- 
CTaHOBJICHHA pa3sMepoB U Pops [18, 19]. 

TakuM 00pa30M, YCTPpOHCTBO JIA MPpOTHBO- 
yYHapHOuW 3alllMTbI XapakTepu3yeTCA YMeHbILle- 
HHeM raOapHTOB B CpaBHeHHH c aHaoraMu U 
TO3BOJIACT HalG@xKHO 3allMTHTb COTPpyJHUKa OT 


TpaBM. 
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the points in the expected region of the real 
device operation were determined. It is es- 
tablished that the deformations of the spiral 
wire are made through plastic torsion and 
elements bending. Plastic twist takes the 
highest energy absorption [16, 17]. 

In the experiments the recovery of the 
plastically deformed elements depends on 
the degree of shear deformation. Thus, when 
shear deformation was up to 10.3%, the ob- 
served degree of shape recovery in a first 
stroke reached 98-99 %, while at strains of 
50 % (full collapse), the recovery was only 
about 80 %. Shear deformation in each cycle 
of tests was made with the preset parameters. 

The stages of the cycle are as follows: 
¢ loading of the element at room tempera- 
ture; 
¢ unloading after reaching the maximum de- 
formation; 
¢ subsequent heating up to the temperature 
needed to restore the size and shape [18, 19]. 

Thus, the device for shock-proof protec- 
tion 1s characterized by the reduced size in 
comparison with its analogues and gives the 
possibility to reliably protect the employee 


from injury. 
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